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The productivity-enhancing impact of information and communication technologies
(ICT) has come to be indisputable. Especially at the micro{level there is broad
empirical evidence for positive impacts of ICT on labour productivity. These studies,
however, mostly consider ICT{investment or ICT{capital as an aggregate variable
not taking into account the heterogeneity that might be hidden behind ICT. Not
much is known yet about the productivity eects of specic ICT{components or
applications.
Policy makers and businesses, backed by numerous economists, have pinned high
hopes on electronic commerce as one of the most promising Internet applications.
E{commerce is said to reduce transaction costs by making geographic and time
restrictions obsolete. In this paper, we estimate the eects of e{commerce on labour
productivity, thus trying to validate the claim of productivity{enhancing eects of e{
commerce. To date, the B2B- (business-to-business) e{commerce segment accounts
for more than 80% of total e{commerce sales worldwide with an increasing tendency.
Therefore, our analysis is restricted to B2B e{commerce only.
Our model takes into account potential simultaneity between labour productivity
and B2B. Not only may B2B aect labour productivity, but rms may decide to
use B2B in order to increase their labour productivity or, put dierently, the more
productive rms might have a higher probability of engaging in a new IT application
like B2B. Moreover, the model allows rms to follow dierent structural production
regimes depending on whether or not they use B2B.
The model is applied to a sample of 1,394 German rms in the manufacturing and
selected services sectors. The estimation results reveal that (i) it is appropriate
to consider labour productivity and B2B as simultaneous factors, (ii) the output
elasticity of ICT{investment is signicantly larger for rms using B2B than for rms
not using it, (iii) the multifactor productivity is signicantly larger in the regime
with B2B. These results indicate that due to strategic complementarities rms with
B2B produce more eciently and use their ICT{investment more eciently than
rms without B2B. Finally, (iv) labour productivity is increased by using B2B.
Firms that do not use B2B would prot from using B2B with respect to labour
productivity although not to the same extent as rms that already use B2B.B2B or Not to Be: Does B2B E-Commerce
Increase Labour Productivity? 1
Irene Bertschek, Helmut Frygesy, Ulrich Kaiserz
July 2004
Abstract
We implement an endogeneous switching-regression model for labour pro-
ductivity and rms' decision to use business{to{business (B2B) e{commerce.
Our approach allows B2B usage to aect any parameter of the labour produc-
tivity equation and to properly take account of strategic complementarities
between the input factors and B2B usage. Empirical evidence from 1,394 Ger-
man rms shows that rms using B2B e{commerce have a signicantly higher
output elasticity with respect to ICT-investment and produce signicantly
more eciently than rms that do not use B2B. Firms' labour productivity
is enhanced by using B2B.
JEL-classication: C21, D24
Keywords: Business-to-business e-commerce, labour productiv-
ity, endogenous switching regression model, survey data
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Copenhagen.1 Introduction
The fast technological development of the Internet as well as its declining prices have
led to an increased diusion of the Internet during the last few years. In 2002, the
Internet penetration rate for businesses was more than 90 percent in the U.S. as well
as in many European countries. The Internet penetration rate in German businesses
increased from 87 percent in 2000 to 97 percent in 2002 (NFO Infratest, 2003, p.133).
One important application of Internet technology for rms is so{called Internet com-
merce or electronic commerce. Policy makers and businesses, backed by numerous
economists, have pinned high hopes on e{commerce which is said to reduce trans-
action costs, increase market transparency and make the course of business more
ecient. In this paper, we estimate the eects of e{commerce on labour productivity,
thus trying to validate the claim of productivity{enhancing eects of e{commerce.
E-commerce has been hailed as one of the most promising media for ordering,
buying and selling products and services which has the potential to considerably
reduce transaction costs. E{commerce between companies (business{to{business
e{commerce or B2B e{commerce) has a broader scope than e{commerce between
companies and consumers (business-to-consumers or B2C). As shown for example
in NFO Infratest (2003, p.234), in 2002, the B2B segment accounted for more than
80% of total e{commerce sales worldwide with an increasing tendency. In Germany,
according to a representative survey of the ZEW (Centre for European Economic
Research), the B2B segment accounts for about 85% of total e-commerce sales in
the manufacturing industry and for about 60% in the services industry in 2002.
Therefore, our analysis is restricted to B2B e{commerce only. Meanwhile, it has
become common knowledge that ICT{capital positively aects labour productivity,
see for example Bertschek (2003) and Brynjolfsson and Hitt (2000) for recent sur-
veys referring to rm-level evidence. However, studies focussing on certain kinds of
ICT applications are still scarce.
The approach chosen in this work addresses the simultaneity between adopting e{
commerce and labour productivity: e{commerce might aect labour productivity
but the causality could also run the other way round since e{commerce might be
adopted precisely in order to increase productivity. Moreover, rms might produce
according to dierent production function regimes depending on whether or not they
use B2B e{commerce. This exibility takes account of the likely presence of com-
plementarities between the use of B2B e{commerce and production input factors.
Milgrom and Roberts (1990) demonstrate that rms need to implement computer
technology as part of a system or cluster of organizational change. This argument
of strategic complementarity has been further advanced in studies by Brynjolfsson
and Mendelson (1993) as well as by Radner (1993). It might thus be too restrictive
1to assume that rms produce according to the same production function indepen-
dent of the type of ICT application they use. It seems rather likely that rms that
use B2B e{commerce do not only dier from other rms with respect to the use
of this ICT application, but also in various other respects such as skill mix or in-
vestment strategies. Thus, rms with B2B might have larger production elasticities
with respect to their input factors than rms not using B2B.
Our empirical results are based on a sample of 1,394 rms from the German man-
ufacturing and selected services sectors. They emphasize the importance of consid-
ering B2B e{commerce and labour productivity as simultaneous factors. In other
words: there is a two{way relationship between the adoption of B2B e{commerce
and labour productivity, with both mutually aecting one another. We also nd
that the output elasticity with respect to ICT{investment as well as the multifactor
productivity turn out to be signicantly larger in the production function regime
using B2B e{commerce than in the regime not using B2B. The estimation of pro-
ductivity dierentials shows that rms that use B2B are better o in terms of their
labour productivity compared to the case where they did not use B2B. Conversely,
rms that do not use B2B would be better o if they engaged in B2B, but to a lesser
extent than those rms that already use B2B.
We also nd that drivers of B2B e{commerce usage produce with a knowledge{
intensive production process, and that international business activities are positively
related to rms' probability of using B2B.
The paper is organized as follows: section 2 contains the theoretical considerations
and the empirical model, section 3 describes the data, section 4 presents the empir-
ical results and section 5 concludes.
2 Model
According to Lucking-Reiley and Spulber (2001, p. 56), B2B e{commerce might have
positive impacts on the productivity of an enterprise via four channels: eciencies
from automation of transactions, economic advantages of new market intermediaries,
the consolidation of demand and supply through organized exchange, and changes
in the extent of vertical integration of companies. The aspect of transaction costs is
also studied by Garicano and Kaplan (2000). Thus, by applying B2B e-commerce, a
rm might reap productivity gains compared to a rm that does not make use of B2B
e-commerce. It seems, however, likely that rms that use B2B e{commerce do not
only dier from other rms with respect to their use of specic new technologies and
the related organizational form but also in various other respects such as skill mix
or investment strategies. Milgrom and Roberts (1990) demonstrate that rms need
2to implement computer technology as part of a system or cluster of organizational
changes. This argument of strategic complementarity has been further advanced in
studies by Brynjolfsson and Mendelson (1993) as well as by Radner (1993).
Our study adopts the framework of Bertschek and Kaiser (2004). This approach
takes into account the likely presence of complementarities between the use of B2B
e{commerce and the production input factors and allows the labour productivity
parameters to be dierent depending on whether or not rms use B2B e-commerce.
In our model, we assume that rm i produces according to a Cobb{Douglas pro-
duction technology. Output yi is a function of ICT{capital, ICTi, non{ICT{capital,
Ki, and labour input, Li:







The vector Ai captures dierences in production eciency not related to the input
factors. It comprises a constant term reecting multifactor productivity as well as
further variables taking account of industry-specic and regional dierences. The
exponents ,  and  denote the elasticities of output with respect to ICT{capital,
non{ICT{ capital and labour, respectively. Taking logs and adding an i.i.d. error
term denoted by i leads to
ln(yi) = ln(Ai) +  ln(ICTi) +  ln(Ki) +  ln(Li) + i: (2)
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B2B   1)ln(Li) + iB2B
= XiB2B + iB2B:
(4)







= ln(AinB2B) + nB2Bln(ICTi) + nB2Bln(Ki)+
+(nB2B   1)ln(Li) + inB2B
= XinB2B + inB2B;
(5)
where the subscripts B2B and nB2B denote the two productivity regimes with and
without B2B e{commerce activities, respectively.
Firms decide to use e{commerce if the productivity gain from B2B is larger than the













  Ci + ui (6)
represents the dierence between the productivity gains and the costs arising from
B2B e{commerce, where a represents the eect of the productivity gains from B2B
e{commerce on the decision about whether or not to use B2B, and ui is an i.i.d.
distributed error term. Substituting equations (4) and (5) into equation (6), the









i = a Xi (B2B   nB2B)   Ci + ui = Zi + i > 0: (8)
The selection equation is estimated as a reduced form. The parameter vector Zi
includes both the variables Xi that explain labour productivity and the variables
that inuence the costs Ci of B2B adoption and that identify the selection equation.
The error term i = a(iB2B  inB2B)+ui follows a normal distribution. If a = 0,
the decision to use B2B is unaected by the productivity dierences. If, further,
the correlation coecients between the error terms of the productivity equations
iB2B and inB2B, respectively, and the error term of the selection equation i are
both equal to zero, i.e. if B2B = 0 and nB2B = 0, the model reduces to an
exogenous switching regression model (Maddala, 1983, pp. 283-284). In this case,
4the productivity equations could be estimated by OLS and the selection equation
could be estimated by a probit model.
The endogenous switching regression model is estimated by Full Information Maxi-
mum Likelihood.1
In a further step, a rm's productivity in the case of using B2B may be compared to
the hypothetical productivity that this rm would achieve if it did not use B2B, and
vice versa, the productivity of a rm without B2B is compared to the hypothetical
case that this rm did use B2B. Hence, in order to control for the rms' selection
decision, the productivity is calculated conditional on the rm's choice whether or
not to use B2B. Otherwise, the estimation results might be biased (see for instance
Greene, 2000, pp. 926{934, for further details). The estimated productivity dier-
ential for rms that use B2B can then be calculated as follows:
PDiB2B = E[ln(yi=Li)B2BjXi;B2B = 1] (9)
 E[ln(yi=Li)nB2BjXi;B2B = 1]
= Xi(B2B   nB2B) + (B2B   nB2B)iB2B; (10)
where the rst term of equation (9) represents the expected labour productivity
for rms with B2B e-commerce, the second term is the expected labour productiv-
ity for rms with B2B in the hypothetical case that they had not chosen to use
B2B. iB2B = (Zi)=(Zi) and B2B = B2BB2B, nB2B = nB2BnB2B where
() and () represent the density and the distribution function of the standard
normal distribution. The term XiB2B(B2B   nB2B) represents the unconditional
expected value of the log{labour productivity dierential, depending on the ob-
servable variables, i.e. due to a varying endowment with production factors. The
second term (B2B   nB2B)iB2B represents the impact of the rms' selection on
using B2B e-commerce where iB2B is the inverse of Mill's ratio. For the opposite
case, inB2B =  (Zi)=(1   (Zi)):
3 Data and Descriptive Analysis
The data result from a CATI-survey (computer-aided telephone interview) based on
a stratied random sample of about 11,000 German rms. The sample was stratied
by sector2, size class and region, i.e. West and East Germany. Only rms with at
least ve employees were included in the survey, 50% thereof in the manufacturing
1For further details see Bertschek and Kaiser (2004). The GAUSS code for the Maximum{
likelihood function can be downloaded at http://www.ulrichkaiser.com/papers/orga.html.
2The sectors that were included in the study are listed in detail in the Appendix.
5industry and 50% in the service sector. The source data set originates from Cred-
itreform, the largest German credit rating agency.3 The survey was conducted in
the year 2000.
About 4,400 rms participated in the survey, which corresponds to a response rate
of approximately 43%. After performing consistency checks and due to item non-
response concerning the variables that were included in the empirical model (see
below), a sample of 1,394 rms forms the basis for the empirical analysis. The rela-
tively high loss of observations is primarily due to item non-response with respect to
ICT-investment by which we will approximate ICT-capital in the empirical model.
Obviously, it is very dicult for rms to state the value of investment in ICT by
phone. This seems to be especially true for large rms (200 and more employees).
Therefore, large rms are underrepresented in our sample used for the empirical
analysis compared to the random sample as well as with the complete sample of re-
sponding rms. Moreover, rms from the service sectors "other business services",
retail and wholesale trade, and nancial intermediaries as well as rms from the
chemical industry are underrepresented, whereas rms from the sectors "other ba-
sic goods industries" and "mechanical engineering" are overrepresented. With the
exception of nancial intermediaries, this selection bias corresponds to the sectoral
distribution of rms in the complete responding sample of all 4,400 rms and is
insofar not a result of item non-response. Fortunately, no systematic dierence in
the use of B2B e-commerce is found if the reduced sample is compared to the whole
sample of all rms that participated in the survey.
To operationalize the rms' involvement in electronic commerce, rms have been
asked whether they use the Internet for distributing products and/or services to
other companies and, in a further question, whether they use the Internet for or-
dering products and/or services from other companies. According to the OECD
(1999, p. 28) the denitions of e{commerce vary between "including all nancial
and commercial transactions that take place electronically, including electronic data
interchange (EDI), electronic funds transfers (EFT), and all credit/debit card activ-
ity", and limiting e{commerce "to retail sales to consumers for which the transaction
and payment take place on open networks like the Internet". The denition of e{
commerce in this study is a rather narrow one, including only the ordering and
selling of products and services on the Internet. Only those rms selling their prod-
ucts/services via the Internet to other rms are considered as rms actively using
B2B. As previously mentioned, B2B e{commerce is still the most widespread ap-
plication of e{commerce. Moreover, selling products/services reects an active way
of implementing (B2B) e{commerce. Firms have to build up an electronic trade
3As Germany's largest credit rating agency, Creditreform has the most comprehensive database
of German rms at its disposal. Creditreform provides data on German rms to the Centre for
European Economic Research (ZEW) for research purposes.
6platform on their server, they have to reorganize their logistics and workplaces in
order to guarantee a smooth handling of orders they receive via the Internet and in
order to fully explore probable eciency gains of their e{commerce activities.4 In
contrast, using the Internet only passively in the sense of buying products and/or
services does not necessarily require substantial adjustments of business activities,
although these rms might reduce their search and transaction costs and possibly
prot from a larger market transparency.
One major drawback of our data is that we do not know how much of a rm's
products/services are sold through B2B e{commerce. The questionnaire simply
asked whether the rm conducts B2B e{commerce in general. Just under the half
of the rms of our sample use B2B e{commerce for selling their products/services.
Table 1 shows the shares of rms making use of B2B e{commerce by industry based
on the sample that is used for the estimations in section 4.
Table 1: B2B e{commerce for selling products/services by industry sectors
B2B e{commerce in %
Industry no use use
Consumer goods industry 60.0 40.0
Chemical industry 42.3 57.8
Other basic goods industry 50.0 50.0
Mechanical engineering 48.6 51.5
Electrical engineering 42.9 57.1
Medical, precision and optical instruments 50.0 50.0
Motor manufacturing industry 53.8 46.2
Wholesale trade 50.6 49.4
Retail trade 58.6 41.4
Transport and postal services 54.0 46.0
Financial intermediation 51.5 48.5
Computer and telecommunication services 29.1 70.9
Technical business services 52.8 47.2
Other business services 61.0 39.0
ICT-sector 34.4 65.6
All sectors 50.3 49.7
Source: ZEW survey.
4The relation between the introduction of new ICTs and the need for organizational changes in
the rm in order to achieve positive productivity eects is examined for instance by Bresnahan,
Brynjolfsson and Hitt (2002) and is also discussed by Brynjolfsson and Hitt (2000).
7As expected, the most intensive use of B2B e{commerce can be observed within the
computer and telecommunication services sector, followed by the chemical industry
and electrical engineering. The computer and telecommunication services and elec-
trical engineering also form the majority of the ICT-sector as dened by the OECD
(2000). Moreover, the manufacturing of precision instruments and industrial process
control equipment as well as specialized ICT-traders belong to the ICT-sector.5 The
adoption rate of B2B e{commerce is rather low in the consumer goods industry, in
the retail trade sector (including ICT traders) and among non-technical business
services.
In order to estimate production functions for the two productivity regimes with and
without B2B e{commerce, we have to measure labour productivity, ICT{capital and
non{ICT{capital. Labour productivity is calculated as the ratio of total sales to the
total number of employees. Since no information about the two capital variables is
available in our survey data, non{ICT{capital is measured as investment in physical
capital and ICT{capital is proxied by ICT{investment. Proxying ICT{capital by
ICT{investment does not appear as a severe shortcoming since ICT depreciates
extremely quickly (Dewan and Min, 1997). With regard to the empirical proxy for
non{ICT{capital, it is important to note that a capital stock could theoretically be
calculated using the perpetual inventory method. However, our analysis is based on
a cross{sectional data set so that we can only observe investment in physical capital
for one period.
Table 2: Descriptive statistics
Quantile
10 % 50% 90% Mean Std. Dev.
ICT{investmenty 7 50 900 994.9 6,454.3
Non{ICT{investmenty 100 800 15,000 46,371.8 1,340,115.0
# of employees 8 50 650 565.7 7,180.6
Outputy ? 1,800 13,000 210,000 331,076.8 4,640,717.0
Labour productivityz 103 233 700 495.2 1,305.6
rm age (in years) 4 13 73 26.5 30.4
export share 0 2 50 14.9 22.3
y in 1,000 DM.
? Balance-sheet total for banks, sum insured for insurance companies.
z Output (total sales in 1999) per employee in 1,000 DM (Output measured as balance-
sheet total for banks, sum insured for insurance companies).
Source: ZEW survey, own calculations.
5A detailed description of the ICT-sector is given in the Appendix.
8The upper part of Table 2 displays the quantiles, means and standard deviations of
the variables used in the estimation of labour productivity: ICT{investment, non{
ICT{investment (both in 1,000 DM), output (proxied by total sales in 1,000 DM),
the number of employees and productivity (output per employee). All quantitative
numbers refer to the year 1999.
The standard deviations of non{ICT{investment, the number of employees and the
output are quite large. Moreover, the distributions of all ve variables in the upper
part of Table 2 are highly skewed. Apart from labour productivity and the number
of employees, the mean is even higher than the 90% percentile. This observation
is due to the fact that small retailers as well as the largest German manufacturing
companies are both included in our sample.
Both means and medians of non{ICT{investment are larger than those related to
ICT investment. In all sectors non{ICT{investment dominates ICT{investment.
The relative importance of ICT{investment, however, diers signicantly across
sectors. In computer and telecommunication services ICT-investment accounts for
one third of companies' total gross investment. In contrast to this, the share of
ICT-investment of gross investment in the basic goods industry or for transport and
postal services is less than 10%.
Table 3 shows descriptive statistics of labour productivity (total sales per employee)
separated for rms that carry out B2B e-commerce and rms without B2B e-
commerce, respectively. The mean of labour productivity is slightly higher for rms
that sell their products/services via the Internet compared with rms that don't
have any B2B e-commerce activities. However, based on a t-test the dierence is
not signicant at any conventional level, which might be expected considering the
relatively high standard deviations. When calculating the logarithm of labour pro-
ductivity and comparing the means in the two productivity regimes, however, a
t-test shows that the mean of the logarithm of labour productivity is signicantly
higher in the regime of rms with B2B e-commerce activities.
Since direct cost eects from using a new technology like B2B generally cannot be
identied in a straightforward way, one might draw up several hypotheses concerning
the factors that are likely to inuence the benets and costs of B2B and which, in
turn, might aect a rm's decision to use B2B e{commerce. In order to consistently
estimate the coecients of the productivity equations, exclusion restrictions have
to be found which explain the use of B2B e-commerce but do not necessarily aect
productivity. The selection equation therefore contains the following variables as
exclusion restrictions: export share, rm age, number of software applications and
foreign location.
Using a new technology might depend on the presence of international involvement.
It seems plausible that companies engaged in export activities are more likely to
9Table 3: Comparison of mean labour productivity with and without B2B
Quantile
N 10% 50% 90% Mean Std. Dev.
Firms with B2B
Labour Productivityy 693 106 250 800 499.3 1,198.4
Firms without B2B
Labour Productivityy 701 100 217 647 491.1 1,404.3
t-test on the equality of the means of labour productivity
H0: mean(w/ B2B) - mean(w/o B2B) = di = 0 ! t =  0:1165
H1: di < 0 ! [P < t] = 0:4536
H1: di = 0 ! [P > jtj] = 0:9072
t-test on the equality of the means of ln(labour productivity)
H0: mean(w/ B2B) - mean(w/o B2B) = di = 0 ! t =  2:0970
H1: di < 0 ! [P < t] = 0:0181
H1: di = 0 ! [P > jtj] = 0:0362
y Output (total sales in 1999) per employee in 1,000 DM (Output measured as balance-
sheet total for banks, sum insured for insurance companies).
Source: ZEW survey, own calculations.
use B2B e-commerce, since in this case the benets of B2B e-commerce in terms
of transaction cost reduction can be expected to be even higher than the reduction
of transaction costs of only domestic sales. This argument holds especially in the
context of digital products when transaction costs are considerably reduced since the
products can be sent via Internet to almost any place on Earth. Moreover, recent
evidence from the manufacturing industry on the relationship between productivity
and export activity reveals that causality runs from productivity to exports rather
than vice versa. Thus, more productive rms are more likely to export their goods
than less productive rms (see for example Arnold and Hussinger, 2004). This
evidence supports our choice of export activity as an instrument for explaining the
use of B2B e-commerce. A rm's export activity is captured by the share of sales
obtained by exports (export quota). Moreover, a dummy variable indicating whether
the rm has a location or subsidiary in a foreign country is included in the selection
equation.
According to Christensen and Rosenbloom (1995), new rms are more exible and
thus more likely to adopt a new technology than old rms. In the empirical imple-
mentation of our model the age of a rm is represented by two dummy variables.
The rst dummy takes the value one, if the rm is three years old and younger,
the second dummy indicates, if the age is between four and seven years old. Firms
10older than seven years are the base category. This categorization is plausible since
empirical studies for Germany by Prantl (2001) show that hazard functions of young
rms reach a rst local maximum approximately three years after formation and a
second local maximum after approximately seven years. Having survived for seven
years, the hazard rates stay at a comparably low level such that these rms can be
regarded as established or \old" rms.
Furthermore, the selection equation of the empirical model will include dierent lev-
els of software applications. In the interviews, rms were asked whether they make
use of six dierent software applications (oce software, data bases,software for plan-
ning and controlling, software for computer aided design/manufacturing/engineering,
electronic data interchange and e-mail). We hypothesize that rms which use a larger
number of dierent software applications are more inclined toward ICT technolo-
gies and a knowledge intensive production process. Therefore, we add two dummy
variables that control for dierent levels of software application: the rst dummy
captures rms that utilize 3 or 4 dierent software applications, the second dummy
refers to rms with at least 5 dierent software applications. Firms that make use
of at most 2 dierent software applications are used as the base category.
4 Empirical results
4.1 Productivity estimations
Table 4 displays estimation results for the labour productivity equations with and
without B2B e{commerce. In addition, it presents the results of tests for identical
coecients in the two dierent regimes, e.g. we test whether the coecients of
ln(ICT), ln(K) and ln(L) are the same in the regime with B2B as in the regime
without B2B.
Positive and highly signicant eects of non{ICT{investment and labour on labour
productivity are found in both productivity estimations, as shown in Table 4.6 Al-
though the point estimates of these partial production elasticities are generally larger
in the regime with B2B e{commerce than in the regime without B2B, identity
of these parameters cannot be rejected at the usual signicance levels. B2B e{
commerce hence has a fairly sizeable but insignicant eect on the partial output
elasticities of non{ICT{investment and labour input.
However, the partial elasticity of ICT{investment is signicantly larger for rms
that use B2B e{commerce than for those who do not use B2B. In the latter case,
6Note that for labour input, the estimated coecients displayed in Table 4 correspond to   1,
so that adding 1 to the estimated coecients yields the partial output elasticity of labour.
11the estimate of the coecient of ICT{investment is even not signicantly dierent
from zero at the usual signicance levels. Consequently, Wald tests for the identity
of the coecients of the three input factors as well as testing for the identity of the
coecients of the entire set of variables included in the level equations reject identity.
Thus, rms that use B2B e{commerce seem to exploit their ICT{investment more
eciently than those not adopting B2B. ICT{investment and B2B can be interpreted
as complementary factors positively aecting rms' labour productivity.
Another important result is that the constant terms representing the multifactor
productivity (corresponding to the constant term of parameter Ai in equation (1))
dier signicantly between the two regimes, being larger in the regime with B2B
than in the regime without B2B. This implies that companies that use B2B produce
more eciently than other rms.
In the regime with B2B, the partial elasticity of output with respect to ICT{
investment does not dier signicantly from the partial elasticity with respect to
non{ICT{investment (p{value equals 0.8174). Further, the sum of the three input
elasticities amounts to 1.0411, and the Null hypothesis of constant returns of scale
( +  +  = 1) cannot be rejected at any usual signicance level (Wald 2=3.5213;
p{value=0.3180). On the other hand, in the regime without B2B e-commerce the hy-
pothesis of constant returns to scale cannot be conrmed due to the relatively small
partial elasticity of non{ICT{investment (Wald 2=14.1063; p{value=0.0028).
In both regimes, the dummy variable for East Germany has a negatively signicant
coecient, reecting the lower labour productivity especially in the East German
manufacturing sector. Identity of these coecients between the two regimes cannot
be rejected.
Most of the sector dummies included in the level equations are highly signicant.
However, in our estimations the coecients of the sector dummies have no economic
interpretation. Rather, they control for dierent measurements of labour productiv-
ity across sectors. The labour productivity of nancial intermediaries is calculated
as the balance-sheet total per employee for banks, or the sum insured per employee
for insurance companies. Therefore, the sector of nancial intermediation shows a
signicantly higher labour productivity. The industries of the base category (trade,
transport and postal services) are all at the end of the value-added chain, reaching
a high value of total sales per employee. Compared to these industries, all other
industries that produce at earlier stages of the value-added chain have a signicantly
lower value of total sales per employee.
In our estimation, the parameters B2B and nB2B measuring the correlation between
the error term of the labour productivity equation of rms with (without) B2B and
the error term of the selection equation are individually and jointly signicant,
indicating that treating B2B{usage as truly exogenous for labour productivity is
12Table 4: Switching regression estimation results: level equations
Coe. Std. err.




dummy manuf. without ICT y -0.3993 0.0860
dummy nancial intermediation 0.7419 0.1771
dummy technical services -0.7714 0.1367
dummy other business services -0.4216 0.1611
dummy ICT sector -0.6680 0.1140








dummy manuf. without ICT y -0.1497 0.0971
dummy nancial intermediation 0.7995 0.1908
dummy technical services -0.4546 0.1548
dummy other business services -0.2375 0.1620
dummy ICT sector -0.5824 0.1372









Set of input factors 20.4146 0.0001
East Germany 0.4286 0.5127
Sector dummies 5.7614 0.3301
Constant 6.3521 0.0117
Entire specication 114.0537 0.0000
Number of observations (N) 1,394
y A distributive service rm (trade, transport and postal
services) that is older than seven years and that utilizes
at most two dierent software applications is used as base
category.
* signicant on the 10%-level
** signicant on the 5%-level
*** signicant on the 1%-level
Source: ZEW, own estimation.
13inappropriate. The negative signs of the correlation coecients indicate that an
unanticipated productivity shock leads to a decrease in the rms' propensity to
adopt B2B e{commerce.
In order to compare the situation of a rm with B2B to the hypothetical situation in
which this rm would not have adopted B2B, hypothetical productivity dierentials
are estimated according to equation (10). The results are depicted in Table 5. The
idea behind these estimations is to consider the same rms | those with B2B{
adoption and those without B2B | under the two dierent regimes.
Table 5: Test for signicant dierences in log{labour productivity
Mean stand. p-
dierence y error value
Firms with B2B 1.6240 0.2346 0.0000
Firms without B2B 0.5279 0.2069 0.0054
y Changes in the log{labour productivity due to B2B e{commerce:
Firms with (without) B2B and parameter vector with (without)
B2B compared to the situation if they had not (had) adopted
B2B, i.e. parameter vector without (with) B2B plus the respective
selectivity terms.
The mean log-labour productivity of rms that use B2B e{commerce turns out to be
signicantly higher compared to the hypothetical mean log-labour productivity for
the case that these rms did not utilize B2B. Similarly, the mean labour productivity
of rms without B2B is lower than the hypothetical labour productivity for the case
that these rms had adopted B2B e{commerce. Furthermore, the mean dierence is
larger for rms that currently use B2B than for those not using it: Firms that have
already adopted B2B e{commerce have for instance reorganized their logistics and
workplaces so that an abandonment of B2B e{commerce transactions would cause
a tremendous drop in the rms' productivity. On the other hand, rms that did
not use B2B so far would be better o if they adopted B2B, but they would only
realize a comparably small gain in productivity, for example because they don't have
complementary resources at their disposal in order to fully exploit the productivity
potentials of B2B.7
7The results further show, that the unconditional mean dierence between the estimated and the
hypothetical labour productivity is nearly the same for rms with and without B2B e{commerce
respectively. The higher hypothetical gain in productivity for rms with B2B e{commerce is a
result of the selection into the regime with B2B. Calculating the productivity dierences, it is im-
portant to note that the results should only be interpreted qualitatively rather than quantitatively,
because we had to approximate ICT{capital and non{ICT{capital by the value of the respective
investments. This shortcoming especially aects the estimated dierence with respect to the pa-
144.2 Selection equation
A result that is important for the empirical validity of the model is that the identify-
ing restrictions (rm age, export quota, software applications) are jointly highly sig-
nicant in the B2B e{commerce adoption equation (see Table 6). A non{signicance
would indicate an invalidity of our exclusion restrictions and hence an invalidity of
the entire model. Thus, the chosen identiers seem to proxy quite well the costs
involved with B2B.
We nd no evidence for an eect of rm age. The categorical variables for the
rms' age, distinguishing between three dierent stages of the rms' life cycle, are
insignicant. Thus, there is no support for the hypothesis that younger rms are
more likely to use the new technology B2B e{commerce due to their higher exibility,
unconventionality or a higher readiness to take risks.
Analysing the eect of rms' export share, a rm with cross-border business activ-
ities is more likely to engage in B2B since it can prot more from the reduction
of transaction costs compared to a rm that only has domestic sales. It should
be noted in this context that our sample includes many rms especially from the
service sector that do not export at all. While about 75% of all rms in our sample
that belong to the manufacturing sector said that they exported in 1999, almost
80% of all service rms reported no exports. Only 5% of all nancial intermediaries
and slightly more than 10% of business service rms exported in the year 1999.8
A further variable reecting international involvement is the dummy `foreign loca-
tion'. Its coecient turns out to be positive and signicant, thus supporting the
hypothesis that internationally operating rms are more likely to engage in B2B
than nationally focussed rms.
As hypothesized, the two dummy variables that capture dierent levels of software
application representing a rm's openness to new ICT applications, increase the
probability of using the Internet for B2B e{commerce. This result is supported
by the positive and signicant eect of ICT{investment in the selection equation.
ICT{investment is the only input factor that signicantly aects rms' decision to
adopt B2B e{commerce. Thus, we conclude that rms with a knowledge-intensive
production process are more likely to use B2B e{commerce.
rameter of production eciency between the two regimes, since the latter reects inter alia the
dierence in capital stocks that is not covered by investments.
8These gures are based on the rms' own information. Using the denitions of the System
of National Accounts, the reported export shares of many rms would be dierent. For example,
every sale of a retailer to a foreigner, a tourist, for example, accounts for export of a retail trade
service according to the ocial denitions. Transactions like this are, however, not very likely to
be considered by rms when responding to the question whether they export or not.
15Table 6: Switching regression estimation results: selection equation
Coe. Std. err.
rm age (3 years and younger) -0.0620 0.1010
rm age (4  years  7) -0.0316 0.0715
export share 0.0039 0.0013
foreign location/subsidiary 0.1708 0.0821
# software application 3 or 4 0.2624 0.1143




dummy manuf. without ICT y -0.0583 0.0950
dummy nancial intermediation -0.3485 0.1856
dummy technical services -0.0502 0.1477
dummy other business services -0.2044 0.1579
dummy ICT sector 0.2989 0.1247
East Germany 0.0615 0.0791
Constant -0.5943 0.1653
Wald tests for joint signicance
2 p{value
Entire set of identiers 59.9177 0.0000
Factor inputs 6.2506 0.1000
Sector dummies 4.5070 0.3417
Entire productivity eq. 25.7761 0.0022
Entire selection eq. 127.0774 0.0000
Wald tests for joint signicance:
entire switching regression model
Correlation coecients 1,713.3277 0.0000
Entire switching regression 508.9646 0.0000
Number of observations (N) 1,394
y A distributive service rm (trade, transport and postal services) that
is older than seven years and that utilizes at most two dierent software
applications is used as base category.
* signicant on the 10%-level
** signicant on the 5%-level
*** signicant on the 1%-level
Source: ZEW, own estimation.
16East German rms do not have a signicantly dierent probability to use B2B than
their West German competitors. This is plausible, because the costs of adopting
B2B e{commerce can be expected to be the same for both East German and West
German rms. Finally, there are only minor dierences between sectors with respect
to the use of B2B. The dummy variable representing the ICT sector is positively
signicant, which is plausible regarding the descriptive results. A bit surprisingly,
nancial intermediaries have a lower probability of adopting B2B e{commerce than
the base category, a distributive service rm, although the coecient is signicant
only on the 10% level. Obviously, dierences between sectors can be traced back to
a varying endowment with resources relevant for the use of B2B.
The entire set of variables determining labour productivity is jointly signicant in the
selection equation, indicating that labour productivity dierences are relevant for the
decision whether or not to adopt B2B e{commerce.9 Thus, we have a complementary
relationship between productivity and the use of B2B.
5 Conclusions
This paper studies the eects of B2B e{commerce on labour productivity. An en-
dogenous switching regression model takes account of a simultaneous relationship
between B2B and labour productivity and allows rms to produce according to
structurally dierent production functions depending on whether or not they en-
gage in B2B. This econometric model is applied to a sample of 1,394 German rms
from the manufacturing industry and from selected services sectors.
The results indicate the importance considering B2B and labour productivity as
simultaneous factors. The output elasticity with respect to ICT-investment turns
out to be signicantly larger for rms using B2B. Thus, rms with B2B use ICT
more eciently. Moreover, the multifactor productivity is signicantly larger for
rms with B2B. These results hint at strategic complementarities between B2B and
the input factors of the rms leading to labour-productivity enhancing impacts of
B2B.
The estimation of hypothetical productivity dierentials reveals that rms with B2B
are signicantly better o if they engage in B2B than if they did not. The same is
true for those rms without B2B: they would increase their labour productivity if
they adopted B2B. However, the potential productivity gains turn out to be smaller
than for those rms already using B2B.
9Note that the selection equation is estimated in the reduced form so that the parameter a in
equation (8) is not estimated directly. However, because the variables of the productivity equations
are jointly (and individually) signicant, it can be concluded that the adoption of B2B is inuenced
by productivity dierences.
17We also nd that drivers of B2B e{commerce usage produce with a knowledge{
intensive production process, and that international business activities are positively
related to rms' probability to use B2B.
Our paper has the following main caveats that are primarily related to data restric-
tions: (i) We only observe whether or not a rm uses B2B and do not know to what
extent B2B is used. (ii) We do not directly observe the costs involved with imple-
menting and using B2B and therefore use proxy variables. (iii) Due to the cross-
sectional character of our data we use ICT-investment and non-ICT-investment as
proxies for ICT-capital and non-ICT-capital. (iv) For the same reason we cannot
take into account unobserved heterogeneity which might aect our estimation re-
sults.
Further research should attempt to use panel data, if available in the future, in
order to overcome these data restrictions in particular with respect to the problem
of approximating ICT-capital and non-ICT-capital by investment variables and in
order to take account of rm-specic unobserved heterogeneity.
186 Appendix
Table 7: Sectors considered in the sample
Industry NACE-Code
Consumer goods industry 15-22, 36, 37
Chemical industry 23, 24
Other basis goods industry 25, 26, 27
Mechanical engineering 28, 29
Electrical engineering 30-32
Medical, precision and optical instruments 33
Motor manufacturing industry 34, 35
Wholesale trade 51
Retail trade 50, 52
Transport and postal services 60-63, 64.1
Financial intermediation 65-67
Computer and telecommunication services 64.2, 72
Technical services 73, 74.2, 74.3
Other business services 70, 71, 74.1, 74.4-74.8, 90
Source: own classication.
19Table 8: Denition of the ICT-sector according to the OECD
Industry NACE-Code
Manuf. of oce machinery and computers 30.0
Manuf. of insulated wire and cable 31.3
Manuf. of electronic values, tubes and 32.1
other electronic components
Manuf. of telev. and radio transmitters and apparatus 32.2
for line telephony and line telegraphy
Manuf. of television and radio receivers, sound or video 32.3
recording or reproducing apparatus and associated goods
Manuf. of instruments and appliances for measuring, 33.2
checking, testing, navigating and other purposes
Manuf. of industrial process control equipment 33.3
Wholesale of radio and TV goods 51.43.3
Wholesale of oce machinery 51.64.1
Retail sale of radio and TV goods y 52.45.2
Retail sale of optical and photographic 52.48.4
goods, computers and software y
Telecommunications 64.2
Renting of oce machinery and 71.33
equipment including computers
Computer and related activities 72
y Not included in the denition of the OECD (2000, p. 249).
Source: OECD (2000), own classication.
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